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FAULT  TREE  ANALYSIS  AS  AN  AID  TO  IMPROVED  PERFORMANCE 


Part  II 

Basic  Fault  Tree  Development 


Part  I of  this  article  (Safety  Digest,  May  1971)  presented  the  basic 
mathematical  foundation  useful  to  a study  of  the  fault  tree  analysis.  The 
information  that  follows  will  attempt  to  show  the  application  of  Part  I 
concepts  to  the  fault  tree  itself. 

Essentially  the  fault  tree  is  a logic  diagram  that  traces  all  the 
events  and  combination  of  events  that  lead  to  some  pre-selected  undesired 
event . 

The  events  are  diagramed  as  sjmibols,  then  translated  into  Boolean 
algebra,  simplified  to  eliminate  duplications  and  the  frequency  (or 
probability)  of  occurrence  of  the  independent  failure  events  substituted 
into  the  Boolean  expression  if  quantification  is  required. 

Many  s3mibols  have  been  developed  for  use  with  this  technique.  Some  of 
the  more  significant  ones  are  found  in  Figure  1.  They  include: 

1.  "AND"  Gate.  This  s3mibol  is  used  to  describe  the  situation 
whereby  the  coexistence  of  all  gate  inputs  is  required  to  produce  an  out- 
put . 


2.  "OR"  Gate.  With  this  s3nnbol  only  one  of  the  input  conditions 
must  be  satisfied  for  the  output  event  to  occur. 

It  should  be  noted  that  there  are  no  limitations  as  to  the  number  of 
gate  inputs  with  the  obvious  exception  that  there  must  be  at  least  two 
gate  inputs  to  satisfy  minimum  conditions. 

S3nnbols  are  also  used  to  represent  fault  events.  These  are  also  shown 
in  Figure  1.  They  include: 

1.  Primary  (circle).  This  type  failure  occurs  within  the  design 
envelope;  i.e.,  under  normal  conditions,  as  a result  of,  for  example,  in- 
adequate design.  This  means  that  the  performance  of  the  item  is  not  equal 
to  the  demands  for  which  it  was  designed.  The  primary  event  requires  no 
further  development. 

2.  Secondary  (diamond).  This  type  failure  occurs  outside  the 
design  envelope  due  to  such  things  as  high  winds  or  floods.  The  secondary 
event  is  also  not  developed  further  in  the  analysis. 

3.  Command  (rectangle).  This  type  of  failure  occurs  as  a result 
of  the  combination  of  basic  faults  acting  through  the  logic  gates.  The 
command  event  is  usually  developed  further  in  the  "tree." 
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Figure  1.  Basic  Fault  Tree  Sjnnbology 

It  might  be  desirable  at  this  point  to  actually  apply  the  above 
principles  to  the  development  of  a fault  tree  analysis. 

Let  us  begin  with  a simple  system  (Figure  2)  represented  by  three 
"black  boxes."  These  boxes  may  be  thought  of  as  devices  that  either  allow 
transmission  through  them  or  do  not;  i.e.,  "go,  no-go."  The  common  house- 
hold light  switch  is  an  example  of  such  a binary  (two-state)  device  in 
that  it  may  be  either  "on"  (allowing  current  flow)  or  "off"  (no  transmission). 
The  input  to  the  system  is  denoted  by  "A,"  while  its  output  is  denoted  by 
"B."  Note  that  the  analysis  is  bounded  by  the  broken  line. 

In  order  to  develop  the  "tree,"  it  is  necessary  to  define  the  un- 
desired event  which,  for  our  purposes,  might  be  "no  output,"  or  "B',"  in 
set  theory  terminology. 

The  "tree"  (Figure  3)  can  be  constructed  by  reasoning  as  follows: 

"No  output  (B')"  will  occur  if  either  "X^  fails  (X3)"^or  if  the 
portion  of  the  system  containing  "X^"  and  "X2"  fails  (Xj^  and  X2). 
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Figure  2.  Simplified  Schematic  of  a Three-ELement (Black  Box)  System. 


Figure  3,  Fault  Tree  of  a Three-Element  (Black  Box)  System. 
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The  Boolean  expression  may  be  developed  from  the  tree,  holding  the 
following  ideas  in  mind : 

1.  Let  the  "OR"  gate  represent  "union  (U)." 

2.  Let  the  "AND"  gate  represent  "intersection  (/I)." 

t I 

Event  "X]^"  can  be  combined  with  "X2"  by  using  the  "AND"  gate  repre- 
sentation; i.e.,  intersection  (H).  The  result  is  "X2^/1X2)."  Event 
"(x{/1X2)"  can  be  then  combined  with  event  "X3"  by  using  the  "OR"  gate 
representation;  i»e.,  union.  The  result  is  the  Boolean  expression  for  "B," 
or 


(XinX2)  U X3  = B'.  (1) 

It  should  be  noted  that  it  is  possible  to  construct  a Venn  diagram  which 
would  graphically  represent  the  above  expression. 

If  available,  we  might  attach  probability  data  to  this  expression. 

Let  us  assume  that  the  quantitative  specification  on  our  system  (Figure  1) 
allows  the  undesired  event;  i.e.,  "no  output,"  a probability  of  occurrence 
of  0.05  (five  times  in  a hundred,  or  5/100).  Further,  let  us  assume  that 
we  have  been  able  to  secure  the  following  additional  probability  data  for 
our  system: 

1.  P(X]^)  (probability  of  event  "x{"  occurring;  i.e.,  failure  of 

"Xi")  = 0.1. 

2.  P(X2)  = 0.2. 

3.  P(X3>  = 0.01. 

Now  we  write  the  Boolean  expression  as 

(P(xi)nP(X2>)  U P(X3>  = P(B'),  (2) 

by  direct  substitution  into  1.  In  order  to  use  the  numerical  data, 
substitute  the  given  numbers  according  to  the  following  conditions: 

1.  Union  = "logical"  addition;  i.e.,  add  the  numbers. 

2.  Intersection  = "logical"  multiplication;  i.e.,  multiply  the 

numbers . 

Note  that  the  above  rules  are  actually  approximations  and  will  provide 
fairly  accurate  results  for  sufficiently  "small"  numbers.  To  examine  this 
subject  in  more  detail,  one  should  consult  a textbook  on  probability  theory. 
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Substituting  into  (2), 

P(B')  = (O.inO.2)  U 0.01 
= (0.1  X 0.2)  + 0.01 
= 0.02  + 0.01 

P(B*)  = 0.03. 

Note  that  the  result  is  less  than  the  value  established  in  the  speci- 
fication, and,  therefore,  based  upon  the  results  of  our  analysis,  we  can 
say  that  the  quantitative  requirement  has  been  met. 

It  is  entirely  possible,  however,  that  a "first  attempt"  might  not 
yield  the  desired  results.  Therefore,  we  might  now  look  at  some  possible 
ways  of  meeting  the  requirement. 

These  include: 

1.  Changing  the  specification;  i.e.,  the  probability  of  the  un- 
desired event  might  be  raised. 

2.  Returning  to  the  source  of  the  "bottom  level"  probability 
numbers;  e.g.,  P(Xq),  P(X2),  in  order  to  examine  their  validity.  Any 
changes  must,  of  course,  then  be  applied  to  the  Boolean  expression. 

3.  Altering  the  configuration  of  the  system;  e.g.,  addition  of 
redundant  components . 

4.  Extensive  revision  of  design. 

As  a second  example,  consider  the  system  shown  in  Figure  4,  consist- 
ing primarily  of  a tank  and  compressor.  Relative  to  the  system,  assume 
the  following: 

1.  Normal  operating  tank  pressure  = P^^  = 200  psig. 

2.  Pressure  switch  set  point  = Ps  = 190  psig. 

3.  Relief  valve  pressure  = Pj.  = 210  psig. 

4.  Tank  destruction  pressure  = P^  = 220  psig. 

Also,  assume  that  the  analysis  is  bounded  by  the  broken  line;  i.e.,  we 
will  not  consider  either  the  input  or  output  of  the  system  since  it  is 
further  assumed  that  those  quantities  would  be  considered  in  separate 
analyses . 

Briefly,  the  system  operates  as  follows.  As  the  air  in  the  tank  is 
used,  the  pressure  falls.  At  190  psig,  the  pressure  switch  activates  the 
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Figure  4.  Simplified  Schematic  of  A Compressor-Receiver  System. 
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compressor  which  operates  until  the  200  psig  level  is  reached  in  the  tank. 
A relief  valve  is  set  to  function  if  the  tank  pressure  should  exceed  210 
psig. 


In  this  system,  it  is  assumed  for  the  purposes  of  this  discussion  that 
the  tank  will  explode  with  destructive  force  should  a pressure  of  220  psig 
be  reached. 

Therefore,  based  upon  the  above,  let  us  state  that  our  undesired  event 
is  the  "destructive  failure  of  the  tank." 

In  order  for  this  event  to  occur,  one  can  readily  see  that  there  could 
be  either  primary-  or  secondary- type  failures,  or  there  could  be  a command- 
type  failure  if  the  tank  pressure  exceeds  220  psig  (P(j) . 

The  destruction  pressure  can  be  reached  only  if  both  the  pressure 
switch  fails  to  open  at  200  psig  and  the  relief  valve  fails  closed  at  210 
psig. 


The  logic  diagram  that  results  when  the  above  is  considered  is  pre- 
sented as  Figure  5. 

Even  though  the  analysis  will  be  terminated  at  this  point,  one  can  see 
that  it  could  be  continued  to  any  depth  desired.  The  limiting  factor  here 
is  the  analyst's  knowledge  of  the  system. 

As  with  the  first  example,  it  is  possible  with  this  system  (Figure  4) 
to  derive  a Boolean  expression  and  quantify  the  tree  if  numerical  data  are 
available . 

In  summary,  we  might  make  the  following  general  statements  concerning 
set  theory,  Venn  diagrams  and  Boolean  algebra. 

1.  The  notion  of  a set  is  very  elementary. 

2.  Not  unlike  any  other  branch  of  mathematics,  set  theory  and 
Boolean  algebra  carry  with  them  a collection  of  special  nomenclature. 

3.  Venn  diagrams  are  devices  that  help  explain  and  visualize  the 
somewhat  abstract  concepts  of  Boolean  algebra. 

4.  Venn  diagrams  are  most  useful  in  explaining  how  Boolean 
statements  can  be  simplified.  They  are  well-suited  for  simplifying  two- 
and  three-variable  statements. 

5.  Venn  diagrams,  when  studied  thoroughly,  can  help  one  to 
visualize  and  simplify  Boolean  statements  much  faster  than  by  using  con- 
ventional Boolean  algebra. 
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Figure  5.  Fault  Tree  of  A Compressor-Receiver  System. 
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Concerning  the  fault  tree  analysis,  the.  following  general  statements 
might  be  made : 

1.  Fault  tree  analysis  provides  an  orderly  method  for  the  exami- 
nation of  potential  hazards. 

2.  A thorough  knowledge  of  the  system  under  consideration  is 
essential . 

3.  A very  simple  relationship  exists  between  fault  and  success 
trees;  i.e.,  a "success"  tree  can  be  obtained  from  a "fault"  tree  simply 
by  stating  the  events  in  terms  of  successes  rather  than  failures  and 
changing  "OR"  gates  to  "AND"  gates,  and  vice  versa. 


Selected  References; 

1.  Feutz,  R.  J.  and  Tracy,  J.  P.:  Introduction  to  Fault  Tree  Analysis, 

D6-16182,  The  Boeing  Co.,  Seattle,  Washington,  1965. 

2.  Haasl,  D.  F. : Advanced  Concepts  in  Fault  Tree  Analysis,  Paper 

Presented  at  the  System  Safety  S5nnposium  sponsored  by  the  University 
of  Washington  and  The  Boeing  Company,  Seattle,  Washington,  8-9  June 
1965. 


Editor's  Note:  The  AMC  Field  Safety  Agency  is  presenting  two  System 

Safety  Courses  during  FY  1972.  This  training  is  mandatory 
for  all  AMC  Safety  Career  Personnel. 
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MR.  MANGER  OF  THE  70’s 


Marvin  D.  Farmer 
Chief,  Ammunition  Division 
Lexington-Blue  Grass  Army  Depot 

Every  manager  is  compelled  to  have  a personal  philosophy  by  which  he 
manages.  This  philosophy  must  provide  for  a major  role  in  the  field  of 
safety. 

Management,  as  related  to  safety,  may  well  be  defined  as  the  develop- 
ment of  people--not  the  direction  of  things.  Since  the  direction  of 
things  does  involve  people,  safety  management  and  production  management 
must  be  a united  management  effort  in  the  safety  of  people.  We,  as 
professional  safety,  administration  or  production  managers,  can  find  no 
task,  short  of  religion,  to  which  we  should  more  fully  devote  our  efforts 
than  that  of  safety.  As  such,  we  are  working  at  the  job  of  protecting 
human  life,  which  is  a divine  creation  in  the  image  of  its  Maker,  and  our 
nation's  greatest  resource. 

One  of  our  common  failings  is  that  we  become  saturated  with  the 
problems  of  the  hour  and  fail  to  discipline  ourselves  to  understand  and 
love  people.  Cicero,  of  old,  had  a law  which  said,  "The  safety  of  the 
people  is  the  supreme  law."  Our  highway  accidents  alone  are  ample  proof 
that  we  have  not  profited  from  the  wisdom  of  old. 

We  readily  assume  the  responsibility  for  a quality  product,  for  ef- 
fectiveness, efficiency  and  economy,  but,  unless  reminded,  we  fail  to 
realize  that  these  responsibilities  cannot  be  separated  from  an  ingredient 
called  "safety."  Our  part  in  safety  is  no  more  (and  no  less)  than  in  the 
many  phases  of  operations  for  which  we  are  responsible.  We  must  assume 
(with  interest)  a responsibility  in  preventing  accidents  just  as  we  do  in 
planning,  developing  and  executing  any  phase  of  operations. 

As  managers,  we  must  never  lose  sight  of  who  we  are  and  where  we  are. 
We  must  demonstrate  certain  qualities  of  leadership  that  are  essential  to 
a good  safety  program.  The  very  first  of  these  is  knowledge.  Know  the 
safety  rules  and  regulations  by  which  you  are  guided,  know  what  is  expected 
of  you,  and  know  how  to  deal  professionally  with  a problem.  Second  is 
judgment.  Strive  for  the  ability  to  mentally  weigh  values  and  make  a 
decision  or  come  to  a conclusion — the  safe  one.  Other  qualities  that  are 
so  often  obviously  lacking  are  initiative,  enthusiasm,  integrity,  depend- 
ability, personal  drive  and  self-motivation. 

A question  often  surfaced  in  the  mind  of  a manager  is,  "How  much  time 
should  I devote  to  safety?"  The  answer,  of  course,  is  all  the  time. 

Let's  test  our  own  minds  regarding  some  safety  doctrine  that  should 
be  paramount  in  the  mind  of  all  managers : 
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1.  We  should  sincerely  believe  that  injuries  can  be  prevented. 

2.  We  must  build  upon  a goal  of  preventing  all  injuries. 

3.  We  must  place  the  proper  responsibility  for  safety  at  all 
levels  of  supervision. 

4.  The  nature  of  exposure  (work)  affects  the  type  safety  program 
we  have,  but  it  has  little  to  do  with  safety  performance. 

5.  Only  a few  people  in  the  total  work  force  have  most  of  the 

injuries . 

6.  Regardless  of  the  scope  of  the  organized  safety  program, 
every  employee  must  develop  an  attitude  of  responsibility  for  his  or  her 
own  safety. 


7.  The  overall  concept  of  an  effective  program  must  be  geared  to 
the  preventive  instead  of  after-accident  correction. 

8.  A valuable  incentive  to  a manager  is  to  realize  that  good 
safety  performance  by  subordinates  reflects  good  management  performance  by 
him. 


Mr.  Manager,  when  you  analyze  what  I have  said,  you  will  find  that 
there  is  little  that  is  really  new  in  safety  management,  but  I do  hope  that 
we  will  have  learned  that  sincerity  and  determination  are  the  keys  to  our 
success . 

We  must  constantly  monitor  our  own  attitudes  regarding  safety.  Should 
we  be  motivated  to  the  point  where  we  feel  that  responsibility  for  safety 
is  ours  and  ours  alone,  we  fail.  If  we  allow  subordinates  to  feel  that 
responsibility  is  ours,  not  theirs,  we  fail.  It  is  only  through  a union 
and  joint  effort-  of  all  management  that  there  flows  into  our  organizations 
the  energy,  the  ideas  and  the  attitudes  that  will  accomplish  our  safety 
objectives . 

It  is  essential  that  every  manager  at  every  level  and  every  safety 
official  show  ample  and  exemplary  evidence  of  his  policies  and  his 
philosophy  regarding  safety.  What  we  do  and  the  way  we  act  is  what  the 
employees  remember  far  better  than  what  we  say.  Management  sets  the  pace 
in  accident  prevention,  and,  almost  without  exception,  the  attitude  of 
management  is  reflected  in  the  attitude  of  employees.  This  intensifies 
the  graveness  of  our  responsibility.  Let's  examine  our  relationship  with 
employees : 


1.  The  prevention  of  accidents  and  injuries  goes  hand  in  hand 
with  efficiencies  and  economies  in  production  by  employees. 
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2.  Employees  have  the  right  to  expect  a proper  place  in  which  to 
work,  proper  machines  or  tools  with  which  to  work,  and  all  without  danger 
to  life  and  health. 

3.  Our  success  depends  heavily  upon  earning  the  respect  of  em- 
ployees. Employees  respect  a manager  whose  first  concern  is  their  welfare. 

4.  Our  safety  programs  must  develop  and  hold  a personal  meaning 
for  all  employees.  Their  planned  involvement  in  the  total  program  is  the 
way  to  accomplish  this. 

5.  The  desired  stable  structure  of  American  unity,  happiness, 
understanding  and  moral  strength  can  never  fully  be  achieved  as  long  as 
there  is  needless  mass  destruction  of  human  life  and  limb  through  all 
types  of  accidents.  It  is  shocking,  but  true,  that  man's  creative  genius 
in  his  quest  for  comfort  and  pleasure  has,  at  the  same  time,  developed  his 
source  of  self-destruction.  We  need  not  be  a part  of  this  shocking  trend. 

We  are  a part  of  the  Defense  establishment  of  a space-age  nation  in 
a nuclear  world.  As  such,  we  are  managers  under  greater  pressures  which 
affect  human  behavior  more  than  has  been  our  experience  in  history,  even 
in  times  of  major  wars.  At  such  a time,  let  us  be  reminded  that  the  true 
strength  of  any  nation  lies  in  the  physical,  the  intellectual,  and  the 
spiritual  development  of  its  people.  Unless  we  have  strong  programs  to 
assure  the  safety  and  well-being  of  a restless  people,  we  as  a nation,  can 
hope  for  little  more  than  only  temporary  greatness. 

As  we  face  the  challenge  of  the  70 's,  may  we  each  be  reminded  that 
we  will  never  stand  taller,  as  managers,  than  when  we  stoop  to  remove  a 
hazard.  Although  the  problems  in  safety  are  almost  without  number,  so  are 
our  opportunities. 

If  we  are  to  "bridge  the  safety  gap"  in  the  70 's,  then  we  must  truly 
ZERO  IN  ON  SAFETY  as  the  President  has  asked. 
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PROBLEMS  - SOLUTIONS  - SAFETY 


James  R.  Woods,  Aviation  Safety  Officer 
Atlanta  Army  Depot 


Managers  come  in  different  sizes  and  shapes.  Their  attitudes  vary  in 
relation  to  how  they  view  a situation  and  their  individual  responsibility. 
To  some,  any  situation  requiring  a decision  becomes  a problem.  This  keeps 
them  awake  at  night  and  sometimes  in  the  day  too.  But,  if  we  wanted  to 
place  two  commanders  into  a stereotype  configuration  and  examine  their 
reactions  to  a need  for  action,  we  could  view  from  a distance  the  actions 
of  two  commanders --Commander  "X"  and  Commander  Decidable.  To  watch  these 
two  birds  in  their  lair,  we  need  to  feather  the  nest  with  some  situation 
and  some  action. 

First,  we  look  in  upon  Commander  "X"  as  he  paces  his  office  bemoaning 
his  poverty  as  he  walks  in  circles  around  his  desk  with  the  rug  nap  tickl- 
ing his  ankles.  We  can  hear  his  gentle  voice  as  he  bellows  for  his 
executive  officer,  ”Hey,  Joe... What's  with  this  Captain  Nitpick?  We  ap- 
point him  Aviation  Safety  Officer  and  this  Aviation  Survey  Report  he  just 
filed  looks  like  it  should  be  processed  by  the  Chaplain.  Hasn't  he  ever 
heard  of  our  Base  Safety  Office?  The  Base  Safety  Office  is  not  always 
sending  in  junk  like  this.  Why  is  Nitpick  filing  such  reports?"  With 
Old  Joe,  the  Ex-0,  just  standing  there.  Commander  "X"  continues  to  roll  on 
non-stop.  "Nitpick  is  complaining  that  we  don't  support  the  ASO.  Why  it 
was  just  last  month  that  I called  and  told  the  Base  Safety  Officer  that  I 
wanted  complete  coordination  between  the  safety  people  and  the  maintenance 
people  and  that  included  the  ASO.  Now  here  is  another  of  these  surveys  and 
he  is  complaining  about  the  policing  of  the  area.  What  the  devil  does 
policing  the  area  have  to  do  with  aviation  safety  anyway.  He  should  be 
able  to  get  with  the  Hangar  Chief  and  get  the  area  policed.  Why  send  this 
junk  on  up  to  me.  I have  better  things  to  do.  I guess  he  wants  me  to  jump 
into  my  staff  car  and  run  down  and  police  the  area  myself.  And  look  here, 
he  is  complaining  about  not  running  up  the  engines  every  three  days.  If 
the  lubrication  system  is  so  inadequate  that  we  can't  let  an  engine  set 
for  a week,  we  need  some  new  engines  or  some  new  oil.  I know  the  manual 
says  to  run  them  up  every  three  days  but  that  is  nonsense.  I don't  run  my 
car  engine  every  three  days  when  I go  on  TDY  for  a couple  of  weeks.  I 
guess  I ought  to  have  him  run  over  to  the  house  and  turn  it  over  for  me." 

"But,  Commander,"  as  the  Executive  Officer  starts  to  say  and  never 
finishes  for  Commander  "X"  is  still  moving  on. 

"Look  here  at  this  jazz  again  about  batteries  not  being  disconnected 
while  the  birds  are  in  the  hangar.  How  are  we  going  to  get  our  aircraft 
in  and  out  of  the  hangar  with  any  flying  time  if  we  have  to  connect  and 
disconnect  the  batteries  every  time  we  park  one.  That  is  just  like  this 
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comment  about  empty  and  partially  empty  fuel  cells  in  aircraft  parked  in 
the  hangar  for  a little  maintenance.  We  don't  have  time  to  keep  draining 
those  tanks  all  the  time  and  it  sure  doesn't  make  good  sense  to  me  to  keep 
them  full  while  they  are  sitting  around  for  some  wrench  bender  to  play 
with."  Old  Commander  "X"  is  really  getting  up  to  flying  speed  now.  "And 
look  here,"  as  Commander  "X"  waves  his  papers.  "Nitpick  is  back  on  that 
tire  thing  again.  He  wants  them  rotated  every  48  hours  or  else  blocked  up 
to  relieve  the  load  on  the  tires.  What  are  tires  for  if  they  don't  sup- 
port the  load?  Maintenance  has  enough  to  do  now  without  spending  all  their 
time  pampering  Nitpick." 

The  Executive  Officer  is  sitting  down  now  and  just  shaking  his  head 
because  he  knows  this  will  be  a long  afternoon.  He  is  just  going  to  have 
to  wait  until  Commander  "X"  runs  down. 

Commander  "X"  hovers  by  his  desk  and  growls,  "Nitpick  must  be  a misfit. 
He  can't  seem  to  understand  what  is  going  on.  Here  he  is  complaining  about 
LTC  Fuzz  not  taking  his  regular  physical  examination  and  not  getting  in 
his  flying  time.  Fuzz  has  more  time  getting  into  and  out  of  aircraft  than 
Nitpick  has  in  the  service.  I have  had  Fuzz  working  overtime  on  our  budget 
and  Nitpick  wants  him  to  go  practice  flying.  Hells  bells.  Fuzz  can  fly  in 
his  sleep  better  than  most  of  these  yard  birds  we  call  pilots .. .Fuzz  is  a 
Senior  Aviator  and  has  been  flying  for  years..."  Commander  "X's"  voice 
trails  off  as  he  reads  with  amazement  showing  in  his  face. 

"LOOK  AT  THIS.'  Now  he  wants  Orientation  and  Standardization  rides. 

He  claims  they  are  not  being  conducted.  What  does  he  want--guided  tours? 
That  bunch  of  characters  we  have  as  pilots  have  been  flying  for  years. 

Why  even  most  of  our  young  ones  have  had  two  tours  in  Nam.  Now  if  Nitpick 
wants  someone  to  learn  to  fly,  we  can  arrange  for  a short  tour,  starting 
say  like  with  a PCS  for  Nitpick.  And  look  here,  he  is  not  even  con- 
sistent. Here  is  a typical  gripe.  LT  Morehours  and  LT  Eagerbeaver  were 
in  the  air  all  day  on  the  20th  on  assigned  missions,  then  they  pulled  some 
assigned  night  flying  time  and  set  down  about  2400.  Now,  just  because 
they  cut  out  again  at  0800  on  the  21st  for  cross-country,  he  is  having  a 
fit.  Those  two  birds  would  have  been  up  to  2400  or  better  chasing  some 
babe  or  playing  cards  anyway.  You  have  to  hogtie  them  anyway  to  keep 
them  out  of  the  air."  Commander  "X"  sort  of  calms  down  as  he  remembers 
some  of  his  younger  days  as  a junior  grade  of f icer--shavetail  style--and 
then  he  starts  in  again. 

"And  this  incident  business — those  four  near  accidents--he  claims  we 
had  four  precautionary  landings  in  the  last  six  weeks  and  he  claims  this 
indicates  a need  for  more  command  emphasis  on  aviation  safety.  I am  behind 
safety  all  the  way.  Tell  him  that  every  month  when  he  brings  the  subject 
up.  What  we  need  is  some  mechanics  that  know  a box  end  from  an  open  end 
wrench. 
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"Nitpick  is  going  to  make  an  old  man  out  of  me,"  grumbled  "X".  "Here 
he  is  in  a lather  complaining  about  pilots  failing  to  listen  to  instruc- 
tions from  ATC.  We  have  some  hot  pilots  in  this  outfit.  He  is  complain- 
ing because  LT  Taxifirst  did  not  contact  the  tower  before  starting  to  taxi 
on  the  25th  and  almost  clobbered  a fuel  truck.  What  the  devil  is  a fuel 
truck  doing  in  the  middle  of  the  taxi  runway  anyhow?  Check  on  that  truck 
driver  for  me  will  you  and  see  if  he  has  a driver's  license.  He  ought  not 
to  have  one  if  he  is  going  to  run  all  over  the  place  in  a tank  truck. 

"And  this  crack  about  the  ATC  boys  will  just  knock  your  hat  into  the 
creek.  He  claims  Tower  Controller  Sad  Sam  sounds  like  he  has  a mouth  full 
of  cold  grits  and  is  using  poor  phraseology,  doesn't  speak  clearly  and 
distinctly,  and  talks  too  fast  for  clear  copy.  Then  Nitpick  claims  Old  Sam 
gets  mad  when  the  pilot  asks  him  to  say  again  some  transmission.  I just 
don't  believe  Nitpick  has  a happy  family  life.  He  just  does  not  seem  to 
like  anyone.  We  got  to  do  something  about  that  boy...." 

By  this  time  you  probably  have  had  enough  of  old  "X,"  so  let's  slip 
over  to  where  Commander  Decidable  is  reviewing  his  Aviation  Survey  Report. 

As  we  slide  over  into  our  approach,  we  can  hear  him  addressing  his 
executive  officer. 

"Charlie,  I have  just  gone  over  this  Aviation  Resources  Management 
Report  our  ASO,  CRT  Smallpoint  just  filed.  He  pointed  out  some  four  near 
incidents  and/or  precautionary  landings  in  the  last  six  weeks  along  with 
some  other  items  that  makes  me  think  I had  better  take  a look  at  our  safety 
and  maintenance  practices.  We  have  some  repetitions  on  failure  to  run  up 
engines  and  you  know  what  that  does  to  the  hydraulic  systems  as  well  as  to 
engines.  Also,  some  of  these  hotshots  we  have  don't  realize  that  the  best 
way  to  pop  a wheel  on  a landing  is  to  fail  to  rotate  them  or  to  take  the 
load  off  them  if  they  can't  be  rotated  every  48  hours.  Let  them  pop  a 
tire  on  a cross-wind  landing  and  they  will  wish  they  had  paid  some  atten- 
tion. Yeah,  we  made  a right  choice  when  we  put  CRT  Smallpoint  down  as  our 
ASO.  He  doesn't  miss  much,  but  what  he  calls  incidents,  I call  INDICATORS 
and  it  indicates  I had  better  take  a look  because  somebody  is  getting  care- 
less and  I want  to  get  some  WHERE,  WHEN  and  WHY's  answered  before  I have 
to  start  filling  out  a lot  of  letters  answering  questions  on  a real  acci- 
dent. Now,  here  is  what  I want  you...." 

So,  as  we  leave  Commander  Decidable  and  head  for  home,  we  should  con- 
sider that  no  one  is  always  completely  right  and  no  one  is  always  completely 
wrong.  We  want  to  be  a lot  closer  to  right  than  wrong  though.  So,  if  you 
are  a Commander,  or  ASO,  or  pilot  or  whatever  your  position  is,  where  do 
you  fit  into  the  current  scene?  We  all  have  a part  to  play.  The  question 
is:  Just  how  well  do  we  play  it? 
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WHEN  THE  PIPE  BENT....HE  WENT 


During  the  course  of  his  duties,  a powerhouse  mechanic  found  it 
necessary  to  bend  a section  of  one-inch  Schedule  40  pipe,  five  feet  in 
length.  He  utilized  a standard  portable  vise  stand  to  accomplish  the 
task.  Subject  stand  was  equipped  with  three  openings  for  pipe  or  conduit 
insertion,  the  largest  of  which  would  accommodate  3/4-inch  pipe.  The  bed 
of  the  vise  stand  had  other  openings;  however,  these  were  to  be  used  as 
rests  for  tools  or  dies. 

The  mechanic  placed  the  pipe  in  one  of  the  latter  openings.  As  he 
exerted  to  bend  the  pipe,  the  bed  of*  the  vise  stand  broke  at  the  opening 
being  used.  This  sudden  movement  forced  most  of  the  worker's  weight  on 
his  right  ankle,  resulting  in  a dislocation  and  fracture  of  the  same. 


Photos  1 and  2 give  a graphic  description  of  the  equipment  and  its 
failure  as  a result  of  improper  usage. 

Investigation  of  the  accident  verified  the  obvious  cause  of  improper 
use  of  equipment.  To  prevent  similar  accidents,  much  publicity  has  been 
given  to  the  circumstances  surrounding  the  incident  to  foremen  and  employees. 
Future  pipe  bending  tasks  will  be  performed  only  by  pipe  shop  personnel. 


Photo  1 


Photo  2 
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HE  COULD  NOT  SEE  THE  LIGHT 


A contractor  employee  was  having  difficulty  starting  a gasoline- 
powered  roadlift.  He  had  been  instructed  to  move  subject  lift  to  a loading 
dock.  After  being  assisted  by  his  supervisor  and  a fellow  employee,  the 
worker  finally  was  able  to  keep  the  engine  running.  The  supervisor  and  the 
other  worker  then  left  via  pickup  truck. 

As  it  was  near  midnight,  the  roadlift  driver  turned  on  the  headlamp 
switch  only  to  learn  that  the  lights  would  not  burn.  Without  light,  he  started 
to  drive  down  the  road.  He  drove  only  a short  distance  when  the  lift  slid 
off  the  road,  overturned  and  pinned  his  legs  underneath.  He  suffered  a 
fracture  of  the  right  lower  leg  and  severe  bruises  and  sprain  of  the  left 
leg.  Damage  to  the  roadlift  was  minor. 

The  primary  cause  of  the  accident  was  the  driver's  inability  to 
safely  negotiate  the  roadway  due  to  inadequate  illumination.  Also,  the 
driver  was  negligent  in  his  moving  a roadlift  which  was  not  in  safe  op- 
erating condition,  and  in  his  failure  to  report  the  mechanical  deficiencies 
immediately. 

To  prevent  similar  incidents,  all  material  handlers  and  forklift  op- 
erators were  reinstructed  in  the  provisions  of  local  safety  procedures 
covering  the  operation  and  maintenance  of  forklifts.  Supervisors  are  re- 
quired to  closely  scrutinize  the  work  performance  of  all  employees  engaged 
in  material  handling  and  forklift  operations. 

•kii-k-k 

VEHICLE  TURNS  ON  DRIVER 

A security  guard  backed  his  vehicle  into  a building  ramp  while  per- 
forming routine  night  patrol  duties.  Rather  than  immediately  surveying  the 
damage  and  reporting  the  accident  to  his  supervisor,  the  guard  continued 
his  security  check  of  the  area. 

Having  left  the  vicinity  of  the  accident,  the  guard  stopped  his  ve- 
hicle on  a street  and  placed  the  automatic  transmission  shift  selector  in 
what  he  thought  to  be  the  PARK  position.  After  opening  the  driver's  door 
and  dismounting,  he  stood  by  the  open  door.  Suddenly  the  vehicle  moved 
backwards,  knocking  the  guard  to  the  pavement.  The  runaway  vehicle  ran 
over  the  driver's  left  leg  leaving  him  with  severe  fractures  of  the  same. 

The  primary  cause  of  this  accident  was  the  operator's  failure  to  insure 
that  the  gear  selector  was  in  the  PARK  position.  Other  factors  contribut- 
ing to  the  occurrence  were  the  operator's  failure  to  set  the  emergency 
brake  and  the  absence  of  light  on  the  gear  shift  indicator. 
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The  injured  guard  received  reinstruction  as  to  proper  parking  and 
braking  procedures.  Other  drivers  were  cautioned  in  regard  to  this  type 
of  accident. 

TRIPPED  VALVE  SCALDS  INSPECTOR 

A safety  inspector  at  an  ammunition  loading  plant  was  assigned  to 
perform  a pre-maintenance  inspection  in  a melt-pour  building  prior  to  the 
issuance  of  a permit  which  would  allow  the  usage  of  spark,  flame  or  heat- 
producing  devices  by  maintenance  personnel . 


Photo  1 Photo  2 

While  carefully  checking  the  underside  of  a volumetric  multipour  unit, 
the  inspector  noted  explosives  contamination  which  required  removal. 

After  calling  a production  employee  to  the  scene,  the  inspector  moved 
toward  the  rear  of  the  unit  and  accidentally  tripped  the  buggy  release 
valve  (Photo  1).  A palm  valve  (Photo  2)  which  was  functionally  related  to 
the  buggy  release  valve,  had  been  pinned  in  the  open  position.  The  latter 
valve  released  hot  water  onto  the  inspector  when  the  buggy  release  valve 
was  tripped.  He  sustained  first  and  second  degree  burns  over  the  upper 
portion  of  his  body. 


The  inadvertent  tripping  of  the 
buggy  release  valve  was  the  direct 
cause  of  the  accident.  Neither  the 
buggy  release  valve  nor  the  palm 
valve  had  been  properly  secured 
(both  should  have  been  set  in  the 
same  position,  either  open  or  closed). 
Also,  the  safety  inspector  had  failed 
to  check  these  valves  as  part  of  his 
inspection.  Photo  3 shows  both 
valves  with  respect  to  their  location. 


Photo  3 
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As  a means  of  corrective  action,  the  installation  added  the  following 
requirements  to  all  operating  procedures  covering  first  floor  pouring 
operations : 


1.  Prior  to  personnel  positioning  themselves  under  multipour  units, 
they  will  first  assure  that  the  pouring  units  are  empty,  all  orifices  are 
open,  all  Hills-McCanna  valves  leading  from  kettles  are  closed  and  air 
valves  for  drawoff  tubes  leading  from  holding  tank  are  in  closed  position. 

2.  Under  no  circumstances  will  a person  go  underneath  these  pour- 
ing units  for  any  reason  without  personally  assuring  himself  that  the 
safety  steps  mentioned  above  are  in  effect. 

■k"kirk 

STATIC  DISCHARGE  IGNITES  ADHESIVE  VAPORS 

Two  employees  were  assembling  prefabricated  ducts  to  be  installed  in 
a communications  shelter.  The  job  required  the  bonding  of  poljmrethane 
foam  sheeting  onto  aluminum  sheet  metal.  The  %-inch  thick  polyurethane 
foam  sheet  was  flexible,  fine  pore,  open  cell,  self -extinguishing  with  a 
density  of  approximately  1.5  pounds  per  cubic  foot.  A soft  seam  cement 
similar  to  the  tire  patching  type  was  used  as  the  adhesive  agent. 

As  one  of  the  two  workers  placed  his  hand  near  the  surface  of  the 
work  table,  a discharge  of  static  electricity  between  his  hand  and  the 
sheet  metal  ignited  the  adhesive  cement  vapor  with  a resounding  flash. 

There  were  no  injuries.  Fire  loss  of  $15.00  was  limited  to  the  pol3mrethane 
foam. 


Investigation  of  this  minor  fire  revealed  that  optimum  conditions  for 
static  discharge  were  imminent  at  the  time  of  ignition.  The  work  site  had 
cement  flooring  and  an  ambient  humidity  of  approximately  10  per  cent.  The 
work  table,  mounted  on  rubber  wheels,  created  an  electrical  potential 
difference  between  the  working  surface  and  the  material  being  handled.  The 
adhesive  being  used  was  extremely  flammable,  and  presented  a mixture  of 
vapor  and  air  that  readily  ignited. 

Actions  taken  to  prevent  similar  fires  were  as  follows: 

1.  Substitution  of  water-base,  non-flammable  adhesive. 

2.  Spraying  remaining  stock  of  polyurethane  foam  sheeting  with  a 
fire-retardant  material. 

3.  Eventual  substitution  of  non-flammable  fiberglass  insulation 
for  the  polyurethane  foam  sheeting. 
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PERSONALIZED  SAFETY  TRAINING  FOR  EXPLOSIVES  WORKERS 


H.  J.  Bigham,  Safety  Supervisor 
Hercules  Incorporated 
Sunflower  Army  Ammunition  Plant 


Safety  training  programs  must  be  examined  and  re-evaluated 
periodically  to  insure  that  they  are  functioning  as  planned.  Proper 
safety  training  can  help  considerably  in  reducing  the  causes  of  accidents 
and  injuries . 

At  Sunflower  Army  Ammunition  Plant  we  found  most  of  our  accidents  and 
injuries  were  caused  by  one  or  more  of  the  following; 

1.  Failure  to  recognize  the  hazard  of  the  work. 

2.  Unsuspected  impurities  or  weaknesses  in  materials. 

3.  Failure  of  equipment  or  improper  guarding. 

4.  Failure  to  follow  set  procedures  or  standards. 

5.  Failure  to  use  safety  equipment. 

6.  Inattention  on  the  part  of  the  employee. 

It  was  decided  to  re-evaluate  all  phases  of  the  safety  program  to 
determine  where  added  emphasis  was  needed  to  correct  these  causes. 

When  Sunflower  was  reactivated  in  1965,  the  safety  training  phase  of 
the  program  was  started  with  a general  and  rudimentary  type  of  safety 
training  in  use  at  most  industrial  plants.  A combination  of  general  safety 
meetings,  safety  posters,  pamphlets,  films  and  an  occasional  contact  with 
workers  was  used  to  promote  a positive  safety  attitude  and  general  safety 
knowledge.  It  was  hoped  that  this  sort  of  exposure  would  develop  a safety 
awareness  to  unsafe  practices  and  unsafe  conditions  that  would  carry  over 
to  the  employee's  specific  work  situation.  Experience  has  shown  us  that 
this  is  not  the  case,  however.  Such  mass  training  efforts  have  many  weak- 
nesses when  applied  to  explosives  manufacturing  workers.  Mass  training  did 
help  us  unify  our  work  force  and  laid  the  groundwork  for  positive  safety 
action,  but  to  be  really  effective,  more  specific  and  personalized  safety 
training  was  needed. 

To  personalize  our  safety  training  at  Sunflower,  we  shifted  our 
emphasis  to  specific  area  meetings  conducted  by  area  supervision.  With  the 
backing  of  top  management,  the  safety  department  instituted  a monthly 
safety  program  supplement  for  use  by  supervisory  and  safety  personnel  in 
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conducting  area  meetings.  This  supplement  contains  current  information  on 
explosives  and  industrial  accidents,  their  causes,  Sunflower  plant  expe- 
rience and  high  priority  area  problems.  The  supplement  was  a tremendous 
aid  to  the  supervisor  in  conducting  his  required  monthly  safety  meeting. 

In  many  cases,  these  meetings  have  been  conducted  without  any  formal 
lecturing  at  all  and  personnel  were  trained  in  spite  of  an  initial  general 
lack  of  interest  in  safety.  Specific  area  problems  were  resolved  through 
discussion  and  supervisors  functioned  more  effectively  in  carrying  out 
their  safety  responsibilities.  Individual  employees  were  soon  actively 
participating  in  the  planned  safety  program.  Audits  and  feedback  indi- 
cated that  personalized  safety  training  was  most  effective  in  training  em- 
ployees to  become  aware  of  their  safety  responsibilities  in  their  specific 
work  areas . 

Such  personalized  training  requires  a great  deal  more  work  on  the 
part  of  the  safety  department  and  plant  supervision.  More  is  required 
than  investigating  accidents  and  preparing  the  forms,  holding  an  occasional 
safety  meeting,  showing  a stereotyped  film  having  little  or  nothing  to  do 
with  the  work  being  performed,  putting  up  safety  posters  and  posting  the 
number  of  days  worked  since  the  last  disabling  injury.  Safety  work  will 
be  drastically  changed  when  personalized  safety  training  is  undertaken. 

In  many  cases,  more  must  be  learned  about  plant  operations  than  was  nec- 
essary before. 

In  designing  a safety  training  program  for  explosives  workers,  the 
following  fundamentals  should  be  kept  in  mind: 

1.  Considerable  thought  should  be  given  to  whether  safety  rules 
are  sound.  Logical  and  correct  explanations  should  be  provided. 

2.  Safety  personnel  should  be  trained  in  production  processes. 

3.  Aid  and  advice  should  be  obtained  from  the  production  people 
before  your  program  is  formulated. 

4.  Safety  personnel  should  monitor  and  assist  at  area  safety 

meetings . 

5.  New  employee  orientation  should  be  given  to  acquaint  them  with 
the  activities  and  requirements  of  the  safety  department. 

6.  Safety  office  should  exercise  considerable  diligence  in  get- 
ting all  available  safety  information  to  all  personnel. 

Teaching  employees  in  a personalized  way  to  work  safely  at  Sunflower 
has  led  to  improved  performance  and  fewer  accidents.  Safety  training  is 
not  the  sole  answer  and  it  should  not  be  concluded  that  these  positive 
gains  were  due  entirely  to  such  training--no  safety  program  can  be  success- 
fully built  on  a single  function.  Results  are  always  much  more  satisfactory 


21 


when  an  effective  job  is  done  in  all  areas  of  safety:  the  development  of 
safe  working  conditions,  the  enforcement  of  standards  and  rules,  the  pro- 
motion of  employee  participation,  and  adequate  safety  training. 


•kit-k-k 

THIOKOL  CHEMICAL  CORPORATION  WINS 
AMC  AWARD  OF  MERIT  FOR  SAFETY 


COL  Eugene  J.  McGinnis,  Chief  of  Staff,  U.  S.  Army  Missile  Command, 
presents  an  AMC  Award  of  Merit  for  Safety  for  FY  1970  to  Mr.  John  H. 
Goodloe,  Vice-President  and  General  Manager  of  Thiokol  Chemical  Corpora- 
tion's Huntsville  Division.  Looking  on  are  (1.  to  r.)  COL  Preston  B. 
Cannady,  Director  of  Arsenal  Support  Operations,  and  Mr.  Thomas  R.  Gooch, 
Manager,  Safety  and  Security,  Thiokol. 

•kkkk 

WATERVLIET  ARSENAL  WINS 
NSC  AWARD  OF  MERIT  FOR  SAFETY 

Watervliet  Arsenal  has  won  the  NSC  Award  of  Merit  for  Safety  for  op- 
erating 1,574,539  man-hours  without  a disabling  injury  from  25  September 
1970  to  10  February  1971. 


•kkkk 
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APE  1229,  AUTOMATIC  PRIME  AND  DEPRIME  MACHINE 

Ammunition  demilitarization,  modification,  normal  maintenance  and 
renovation  operations  have  been  altered  considerably  over  the  past  three 
decades.  The  numerous  changes  have  yielded  noteworthy  improvements  in 
operator  safety  and  production  capability.  The  advancement  in  cartridge 
case  priming  and  depriming  technology  is  exemplary  of  the  continuous 
refinement  of  equipment  through  the  efforts  of  the  Ammunition  Peculiar 
Equipment  (APE)  Program. 

Before  praising  the  merits  of  the  APE  1229  Automatic  Prime  and  De- 
prime Machine,  it  is  necessary  to  discuss  the  evolution  of  priming  and  de- 
priming methods  to  contrast  the  rudimental  techniques  of  years  past  with 
those  of  today. 

Prior  to  the  automation  of  priming  and  depriming  operations , the 
reuse  of  cartridge  cases  was  contingent  upon  several  time-consuming, 
manual  operations.  For  instance,  the  primer  had  to  be  fired  before  re- 
moval. The  manual  firing  of  primers  resulted  in  serious  incidents  where 
propellant  increments,  inadvertently  left  in  the  base  of  the  cartridge 
cases,  ignited  when  the  primers  were  fired.  Figure  1 illustrates  how  the 
fired  primer  body  was  removed.  The  hollow  cylinder  on  the  end  of  the  rod 
was  placed  over  the  primer  body.  Counterclockwise  rotation  of  the 
T-handle  engaged  the  knife  blade  to  the  primer  body,  and  continued  rotation 
unscrewed  the  primer  body  from  its  seat.  As  shown  in  Figure  2,  the  primer 
head  was  removed  by  hammering  a steel  rod  placed  against  it. 

Within  the  same  time  frame,  priming  operations  were  performed  on 
equipment  as  shown  in  Figure  3.  This  small  arbor  press  utilized  collar- 
shaped adaptors  (shoes)  of  varying  sizes  to  accommodate  the  flanges  of 
different  cartridge  cases.  A brass  die,  assembled  to  the  lower  end  of  the 
arbor  press  shaft,  was  recessed  so  that  no  part  of  it  would  come  in  contact 
with  the  primer  cup  during  the  operation.  Slow,  steady  pressure  on  the 
lever  arm  forced  the  primer  into  position. 
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Figure  1. 


Primer  Remover. 


Figure  2.  Removing  Primer  Head. 


Figure  3.  Primer  Inserting. 
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The  aforementioned  methods  grew 
obsolescent  with  the  development  of 
APE  1106  and  1106M1  Prime  and  De- 
prime  Machines  (Figure  4).  Although 
the  prime  and  deprime  punches 
function  pneumatically,  most  of  the 
operational  steps  involving  this 
equipment  are  manual.  The  cartridge 
case  is  placed,  flange  up,  into  the 
holding  shoe  on  the  turntable. 

After  pressing  the  index  handle  for- 
ward to  release  the  index,  the  op- 
erator grasps  the  turntable  and 
rotates  to  the  next  index.  The  foot 
control  valve  is  then  engaged  for 
priming  or  depriming  (changing  from 
priming  to  depriming  mode  or  vice 
versa  simply  requires  a punch 
change) . 

The  operation  of  the  APE  1106 
or  1106M1  requires  a minimum  of  two 
workers ; one  for  loading  and  un- 
loading, the  other  for  operating  the 
index  handle,  rotating  the  turn- 
table and  engaging  the  treadle. 

Further  refinement  of  the  APE  1106M1  lead  to  the  development  of  the 
APE  1229  Automatic  Prime  and  Deprime  Machine  (Photo  1).  This  machine  was 
designed  not  only  to  provide  greater  operator  safety,  but  also  to  ef- 
fectively reduce  personnel  exposure  by  50  per  cent  and  to  increase  the 
production  rate.  An  additional  result  of  these  attributes  was  a sharp  re- 
duction in  the  operator  fatigue  factor. 

The  APE  1229  will  perform  the  following  priming  and  depriming  opera- 
tions (37mm  through  Navy  6") : 

1.  Deprime  cartridge  cases  with  screw  or  press-type  primers,  for 
the  purpose  of  insuring  complete  cartridge  case  decontamination  prior  to 
salvaging  the  cartridge  cases. 

2.  Deprime  press-type  primers,  for  the  purpose  of  removal  of  un- 
serviceable or  obsolete  primers  prior  to.  repriming  the  same  cartridge  cases. 

3.  Repriming  press-type  primers. 

Basic  machine  design  consists  of  a %-inch  thick  steel  barricade,  a 
4-station  index  turntable  for  positioning  of  cartridge  cases,  an  air- 
hydraulic  unit  supplying  power  to  operate  the  punch  cylinder,  and  a series 
of  valves  and  controls  for  automation. 


Figure  4.  APE  1106  Prime 
and  Deprime  Machine. 
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When  the  START  button  is 
pushed,  the  entire  system  pressur- 
izes. As  various  valves  and  cylinders 
function  sequentially,  the  auto- 
matic cycle  begins.  To  prevent  dam- 
age to  the  cartridge  case,  it  must 
be  positioned  directly  under  the 
prime  or  deprime  punch.  The  index 
cylinder,  when  fully  extended, 
signals  a valve  to  lock  the  turn- 
table in  place.  The  turntable  lock- 
ing cylinder,  when  fully  seated, 
signals  a valve  and  the  cartridge 
case  is  primed  or  deprimed. 

The  production  capability  of 
the  APE  1229  is  controlled  by  a timer 
valve,  the  adjustment  of  which  allows 
a running  rate  ranging  from  four 
rounds  per  minute  (1,680  per  shift) 
to  seven  rounds  per  minute  (2,940 
per  shift).  For  an  effective  pro- 
duction flow,  the  equipment  should 
be  located  near  a power  conveyor  to 
facilitate  on-loading  and  off-loading 
the  cartridge  cases. 

A guard  on  the  right  side  of  the  shield  protects  the  operator  from 
injury  should  he  inadvertently  place  his  hand  between  the  fin  and  shield 
while  the  turntable  is  in  motion.  When  tripped,  this  guard  actuates  a 
valve  to  immediately  bleed  the  entire  system,  thus  stopping  the  machine. 

The  APE  1229  Automatic  Prime  and  Deprime  Machine  has  indeed  provided 
a high  level  of  operator  safety  in  priming  and  depriming  operations.  The 
safety  and  efficiency  of  this  machine  can  be  accredited  to  the  efforts  of 
the  Ammunition  Peculiar  Equipment  Program  with  its  continuing  objectives 
to  improve  munitions  process  equipment  and  operations. 
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TOXIC  PLANTS 


Many  forms  of  plant  life  appeal  to  the  basic  human  senses  of  sight, 
touch  and  smell.  The  paradox  of  Nature's  beauty,  however,  lies  in  the 
dangers  of  one's  exercising  his  sense  of  taste  with  numerous  plants. 
Although  aesthetic  in  the  eyes  of  the  observer,  several  plants  can  be 
lethal  upon  ingestion.  The  following  is  a list  of  common  poisonous  plants 
tabulated  by  the  National  Safety  Council. 

House  Plants 

Plant  Toxic  Part  Symptoms 

Hyacinth,  Bulbs  Nausea,  vomiting,  diarrhea.  May 

Narcissus,  be  fatal. 

Daffodil 


Oleander 


Poinsettia 

Dieffenbachia 
(Dumb  cane) 
Elephant  ear 


Rosary  pea. 
Castor  bean 


Mistletoe 


Leaves , branches 


Leaves 
All  parts 


Seeds 


Extremely  poisonous.  Affects  the 
heart;  produces  severe  digestive 
upset  and  has  caused  death. 

Fatal.  One  leaf  can  kill  a child 

Intense  burning  and  irritation 
of  the  mouth  and  tongue.  Death 
can  occur  if  base  of  the  tongue 
swells  enough  to  block  the  air 
passage  of  the  throat. 

Fatal.  A single  rosary  pea  seed 
has  caused  death.  One  or  two 
castor  bean  seeds  are  near  the 
lethal  dose  for  adults . 


Berries 


Fatal.  Both  children  and  adults 
have  died  from  eating  the  berries 


Flower  Garden  Plants 


Larks pur 


Young  plant,  seeds 


Digestive  upset,  nervous  excite- 
ment. May  be  fatal. 


Monkshood 


Fleshy  roots 


Digestive  upset  and  nervous  ex- 
citement . 


Autumn  crocus , 
Star-of-Bethlehem 


Bulbs 


Vomiting  and  nervous  excitement, 
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Plant 


Flower  Garden  Plants  (Cont) 
Toxic  Part 


Symptoms 


Lily-of-the-Valley 


Iris 


Foxglove 


Bleeding  heart 
(Dutchman's 
breeches) 


Rhubarb 


Daphne 

Wisteria 


Golden  chain 


Laurels , 

Rhododendron, 

Azaleas 


Leaves,  flowers  Irregular  heartbeat  and  pulse, 

usually  accompanied  by  digestive 
upset  and  mental  confusion. 


Underground  stems  Severe,  but  not  usually  serious, 

digestive  upset. 

Leaves  One  of  the  sources  of  the  drug 

digitalis,  used  to  stimulate  the 
heart.  In  large  amounts,  the 
active  principles  cause  danger- 
ously irregular  heartbeat  and 
pulse,  usually  digestive  upset 
and  mental  confusion.  May  be 
fatal. 


Foliage,  roots 


May  be  poisonous  in  large  amounts. 
Has  proved  fatal  to  cattle. 


Vegetable  Garden  Plants 


Leaf  blade  Fatal.  Large  amounts  of  raw  or 

cooked  leaves  can  cause  convul- 
sions, coma,  followed  rapidly  by 
death. 

Ornamental  Plants 


Berries  Fatal.  A few  berries  can  kill  a 

child . 

Seeds,  pods  Mild  to  severe  digestive  upset. 

Many  children  are  poisoned  by 
this  plant. 


Bean-like  capsules  Severe  poisoning.  Excitement, 
in  which  the  seeds  staggering,  convulsions  and  coma, 
are  suspended  May  be  fatal. 

All  parts  Fatal.  Produces  nausea  and 

vomiting,  depression,  difficult 
breathing,  prostration  and  coma. 
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Ornamental  Plants  (Cont) 


Plant 


Yew 


Toxic  Part  Symptoms 

Berries,  foliage  Fatal.  Foliage  more  toxic  than 

berries.  Death  is  usually  sudden 
without  warning  symptoms. 

Trees  and  Shrubs 


Wild  and  culti- 
vated cherries 


Oaks 


Elderberry 


Black  locust 


Jack-in- the- 
Pulpit 


Moons eed 
Mayapple 


Twigs,  foliage 


Foliage,  acorns 


Shoots,  leaves, 
bark 


Bark,  sprouts, 
foliage 


Fatal.  Contains  a compound  that 
releases  cyanide  when  eaten. 
Gasping,  excitement  and  prostra- 
tion are  common  symptoms  that 
often  appear  within  minutes. 

Affects  kidneys  gradually. 

Symptoms  appear  only  after 
several  days  or  weeks.  Takes  a 
large  amount  for  poisoning. 

Children  should  not  be  allowed 
to  chew  on  acorns . 

Children  have  been  poisoned  by 
using  pieces  of  the  pithy  stems 
for  blowguns.  Nausea  and  digestive 
upset . 

Children  have  suffered  nausea, 
weakness  and  depression  after 
chewing  the  bark  and  seeds . 


Plants  in  Wooded  Areas 


All  parts , 
especially  roots 


Berries 

Apple,  foliage, 
roots 


Like  dumb  cane,  contains  small 
needle-like  crystals  of  calcium 
oxalate  that  cause  intense  irrita- 
tion and  burning  of  the  mouth  and 
tongue . 

May  be  fatal. 

Contains  at  least  16  active  toxic 
principles,  primarily  in  the 
roots.  Children  often  eat  the 
apple  with  no  ill  effects,  but 
several  apples  may  cause  diarrhea. 


29 


Plant 

Water  hemlock 


Buttercups 

Nightshade 

Poison  hemlock 

Jims on  weed 
(thorn  apple) 


Plants  in  Swamp  or  Moist  Areas 

Toxic  Part  Symptoms 

All  parts  Fatal.  Violent  and  painful  con- 

vulsions. A number  of  people 
have  died  from  water  hemlock. 

Plants  in  Fields 


All  parts 


Irritant  juices  may  severely 
injure  the  digestive  system. 


All  parts.  Fatal.  Intense  disturbances  and 

especially  the  nervous  s3miptoms. 

unripe  berry 


All  parts 


Fatal . 


All  parts  Abnormal  thirst,  distorted  sight, 

deliriinn,  incoherence  and  coma. 
Common  cause  of  poisoning.  Has 
proved  fatal. 


When  you  suspect  a person  has  eaten  a questionable  plant  or  part 
thereof  and  that  person  is  displaying  signs  of  discomfort,  follow  the  tips 
below — calmly  and  quickly. 


1.  Call  a physician  and  describe  s3nnptoms  as  clearly  as  you  can. 
Also,  describe  the  plant  part  eaten  and/or  identify  the  plant  to  the 
doctor.  If  possible,  ascertain  just  how  much  of  the  plant  part  was  eaten. 

2.  Do  not  induce  vomiting  unless  advised  by  your  doctor. 

3.  Give  shock  treatment  as  quickly  as  possible. 

4.  Follow  your  doctor 's -advice  to  the  letter. 
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Here  are  ten  questions  that  will  test  your  knowledge  of  safety  re- 
quirements that  you  will  need  under  different  circumstances.  Answers  to 
these  questions  may  be  found  in  the  AMCR  385 -series  and  the  AMC  Supplements 
to  the  AR  385-series.  How  many  can  you  answer  without  referring  to  the 
regulations? 

1.  What  separation  requirements,  if  any,  are  required  in  laboratories 
utilizing  autoclaves  and/or  various  t3rpes  of  pressure  equipment? 

Answer  and  reference: 

2.  What  are  the  training  requirements  for  members  of  chemical  munitions 
disposal  squads? 

Answer  and  reference: 

3.  Pipelines  used  for  transferring  groups  II  and  III  liquid  propellants 
shall  be  located  at  what  distance  from  inhabited  buildings? 

Answer  and  reference : 

4.  Can  explosives  salvaged  from  loaded  ammunition  be  stored  with  other 
explosives  ? 

Answer  and  reference: 

5.  What  is  the  maximum  quantity  of  class  7 materials  allowed  at  a loading 
dock? 

Answer  and  reference: 
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6.  What  is  the  explosives  collection  limit  for  a portable  wet  collector 
located  within  an  explosive  operating  bay  or  cubicle? 

Answer  and  reference: 

7.  How  is  personnel  exposure  determined  in  the  event  of  failure  or  loss 
of  dosimetric  devices? 

Answer  and  reference: 

8.  What  guidelines  should  be, followed  when  establishing  flight  time 
limitations  and  crew  rest  for  rated  crew  members  of  Army  aircraft? 

Answer  and  reference: 

9.  Wire  ropes  and  chains  will  be  inspected  and  tested  in  accordance  with 
what  regulation? 

Answer  and  reference: 


10.  How  often  should  elevators  be  inspected  by  a qualified  agency? 
Answer  and  reference: 

AMC  AWARD  OF  HONOR  PRESENTED  TO 
LAWNDALE  ARMY  MISSILE  PLANT 


Lawndale  Army  Missile  Plant  received  an  AMC  Award  of  Honor  for  Safety 
for  FY  1970.  Shown  above  at  the  awards  presentation  ceremony  are  (1.  to 
r.)  COL  Robert  J.  Proudfoot,  Shillelagh  Project  Manager;  Mr.  Kenneth  V. 
Newton,  Lawndale  Anny  Missile  Plant  Manager;  and  COL  Eugene  J.  McGinnis, 
Chief  of  Staff,  U.  S.  Army  Missile  Command. 
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PROTECTIVE  EQUIPMENT  PAYS  OFF 


Sidney  Levin,  Safety  Director 
U.  S,  Army  Materials  and  Mechanics  Research  Center 

The  Army  Materials  and  Mechanics  Research  Center  (AMMRC)  recently 
experienced  two  accidents  within  a short  period  where  personal  protective 
equipment  furnished  to  and  worn  by  employees  prevented  disabling  injuries. 

The  first  accident  occurred  on  19  November  1970,  and  involved  a 
research  chemist.  The  employee  was  pouring  a chemical  mixture  consisting 
essentially  of  glacial  acetic  acid,  concentrated  nitric  acid  and  other  re- 
action materials  from  a large  flask  into  a filter  funnel.  Part  of  the 
mixture  splattered  upward,  hitting  the  employee  above  his  left  eye,  and 
flowed  downward  over  his  safety  glasses,  nose,  left  cheek  and  coat.  Im- 
mediately, and  while  choking,  the  employee  utilized  the  nearest  eye  wash 
fountain  (full-face  type),  located  at  the  end  of  the  workbench.  After 
washing  his  face  and  removing  affected  clothing,  there  was  no  visible  in- 
jury to  the  employee.  An  inspection  of  the  safety  glasses  showed  that 
more  than  two-thirds  of  the  left  lens  and  frame  were  covered  with  the  re- 
action mixture,  causing  permanent  damage  to  the  frame.  In  this  case,  the 
wearing  of  safety  glasses  and  the  availability  of  an  eye  wash  fountain 
were  both  instrumental  in  preventing  permanent  injury. 

The  second  accident  occurred  on  1 December  1970.  It  involved  a 
machine  tool  operator  who  was  cleaning  a machine  lathe  after  a magnesium 
machining  operation.  The  lathe  back-deflector  plate,  which  was 
24"  X 60"  X 3/8"  in  size  and  weighed  approximately  85  pounds,  had  been  re- 
moved to  facilitate  the  cleaning  operation.  Upon  setting  the  plate  on  edge 
to  place  it  back  in  position,  the  plate  slipped  from  the  employee's  hands 
and  fell,  striking  his  left  foot.  The  force  of  the  falling  plate  caused  a 
depression  in  the  steel  toe  cap  of  the  safety  shoe,  resulting  in  a minor 
contusion  and  laceration  of  the  left  large  toe.  The  wearing  of  safety 
shoes  prevented  a more  serious  injury,  as  the  damage  to  the  shoe  was  suffi- 
cient to  require  a replacement  pair.  It  should  be  noted  that  the  issuance 
of  safety  shoes  to  eligible  employees  at  AMMRC  was  expedited  as  a result 
of  the  safety  program  evaluation  of  AMMRC  conducted  by  Mr.  Charles  R.  (Bob) 
Hatcher,  Safety  Officer,  USAMC  Field  Safety  Agency,  in  May  1969.  Thanks, 
Bob: 


The  issuance  of  protective  equipment  to  the  employee  is  not  the  extent 
of  an  effective  protective  equipment  program.  When  protective  equipment, 
personal  or  general,  is  issued  for  use  on  a particular  job,  the  equipment 
should  be  in  good  working  condition  and  capable  of  serving  the  purpose  for 
which  it  was  designed.  Otherwise,  instead  of  providing  protection,  the 
equipment  will  have  provided  only  a false  sense  of  security.  It  is 
absolutely  essential  that  safety  equipment  be  maintained  in  good  operating 
condition  at  all  times. 
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Here  are  the  answers  to  the  questions  on  pages  31  and  32  . A refer- 
ence to  the  pertinent  regulation  and  paragraph  follows  each  answer. 

1.  Autoclaves,  bombs  with  inside  diameters  greater  than  six  inches  used 
in  services  at  15  psig  or  more,  and  other  pressure  equipment  shall  be 
placed  in  separate  cubicles  designed  to  confine  and  direct  the  force 

of  explosions  away  from  personnel  and  other  facilities.  Walls  separat- 
ing these  cubicles  from  other  parts  of  laboratories  shall  meet  re- 
quirements of  paragraph  5-6,  AMCR  385-100.  At  least  one  side  of  the 
cubicle  shall  be  open  or  have  wall(s)  designed  to  vent  internal  ex- 
plosions with  the  formation  of  a minimum  of  large  fragments.  Refer- 
ence: Paragraph  4-7a,  AMCR  385-100. 

2.  Members  of  the  disposal  squad  shall  be  thoroughly  trained  in  the 

proper  disposal  of  leaking  munitions,  and  in  the  proper  handling  of 
chemical  agents  during  emergencies.  They  should  also  be  thoroughly 
trained  in  proper  protective  techniques  outlined  in  FM  21-40.  Further 
specialized  training  will  be  given  by  the  Technical  Escort  Center  upon 
application  to  the  Commanding  Officer,  Edgewood  Arsenal,  through  ap- 
propriate channels.  Reference:  Paragraph  ll-36b,  AMCR  385-100. 

3.  A distance  of  25  feet  free  of  inhabited  buildings  will  be  maintained 

on  either  side  of  the  pipelines  used  for  the  transfer  of  groups  II 
and  III  propellants  between  unloading  points  and  storage  areas  or 
between  storage  areas  and  points  of  use.  Reference:  Paragraph  15-7i, 

AMCR  385-100. 

4.  No.  Explosives  salvaged  from  loaded  ammunition  shall  be  stored  in 

buildings  by  themselves.  Reference:  Paragraph  16-17b,  AMCR  385-100. 
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5. 


Provided  all  pertinent  explosives  quantity-distance  separations  are 
complied  with,  the  maximum  quantity  of  class  7 materials^  permitted  at 
one  loading  dock  shall  not  exceed  250,000  pounds.  Reference:  Para- 

graph 17-17b,  AMCR  385-100. 

6.  Stationary  and  portable  wet  type  collectors  may  be  placed  in  the  ex- 
plosives operating  bays  or  cubicles  provided  the  quantity  of  explo- 
sives in  the  collectors  does  not  exceed  five  pounds.  Reference: 
Paragraph  27-6c,  AMCR  385-100. 

7.  In  the  event  of  failure  or  loss  of  dosimetric  devices,  personnel  ex- 

posure will  be  calculated  or  estimated  from  past  exposure  histories, 
results  of  radiation  survey,  the  exposures  of  other  personnel  under 
similar  circumstances,  breath  sampling,  bio-assay  techniques,  and 
whole  body  counting  and  scanning.  Reference:  Paragraph  16f,  AMCR 

385-25. 

8.  Flight  time  limitations  and  crew  rest  for  rated  crew  members  recom- 

mended by  AR  95-17  are  considered  the  basis  of  sound  operating  policy 
and  will  be  exceeded  only  by  authority  of  an  installation  commander  to 
the  extent  necessary  for  the  accomplishment  of  his  mission.  Refer- 
ence: Paragraph  13a,  AMCR  385-26. 

9.  The  inspection  and  testing  of  wire  ropes  and  chains  will  be  performed 

in  accordance  with  AMCR  750-25.  Reference:  Paragraphs  9- 9b  and 

9-lOb,  AMCR  385-100. 

10.  Elevators  shall  be  inspected  annually  by  a qualified  agency.  Reference 
Paragraph  9-8,  AMCR  385-100. 
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